
Seed Science Research

cambridge.org/ssr

Research Paper

Cite this article: El-Keblawy A, Al-Shamsi N,
Mosa K (2018). Effect of maternal habitat,
temperature and light on germination and salt
tolerance of Suaeda vermiculata, a habitat-
indifferent halophyte of arid Arabian deserts.
Seed Science Research 28, 140–147. https://
doi.org/10.1017/S0960258518000144

Received: 8 December 2017
Accepted: 6 April 2018

Key words:
arid deserts; dark inhibition; germination
recovery; germination response; seed
dormancy; time of germination

Author for correspondence:
Ali El-Keblawy, Email: akeblawy@sharjah.ac.
ae; akeblawy@gmail.com

© Cambridge University Press 2018

Effect of maternal habitat, temperature and
light on germination and salt tolerance of
Suaeda vermiculata, a habitat-indifferent
halophyte of arid Arabian deserts

Ali El-Keblawy1,2, Naeema Al-Shamsi3,4 and Kareem Mosa1,5

1Department of Applied Biology, Faculty of Science, University of Sharjah, PO Box 27272, Sharjah, United Arab
Emirates; 2Permanent address: Department of Biology, Faculty of Science, Al-Arish University, Egypt; 3Department
of Biology, Faculty of Science, United Arab Emirates University, United Arab Emirates; 4Departmento de Biología
Vegetal, Universidad de Málaga, PO Box 59, 29080, Málaga, Spain and 5Department of Biotechnology, Faculty of
Agriculture, Al-Azhar University, Cairo, Egypt

Abstract

Habitat-indifferent species that can grow well in both saline and non-saline soils offer a good
opportunity for studying seed dormancy and salt tolerance during germination. Here, we
assess interactive effects of maternal habitat and incubation conditions on salt tolerance dur-
ing germination of the habitat-indifferent halophyte Suaeda vermiculata, a common perennial
shrub of the arid Arabian deserts. Seeds collected from saline and non-saline habitats were
germinated at six salinity levels (0–500 mM NaCl) and incubated at three temperatures and
under two light regimes. Studied germination attributes were final germination, germination
rate index (GRI) and germination recovery of non-germinated seeds when transferred to dis-
tilled water. The results showed insignificant difference in salt tolerance between seeds of the
two habitat types at the lower salinities. At higher salinities (400 and 500 mM NaCl), germin-
ation of the saline habitat seeds was almost inhibited, but that of non-saline habitat seeds
reached various levels depending on light and temperature. Both higher temperatures and
darkness resulted in significant reductions of the final germination at the higher salinities.
Seeds of the two habitats that did not germinate in the different treatments recovered their
germination when transferred to distilled water, indicating that these seeds maintained
their viability in saline solution and were able germinate upon the arrival of suitable condi-
tions. Seeds of the two habitats germinated within 2 days at the lower salinities and GRI
decreased with the increase in salinity level. Such reduction was obvious for seeds of the saline
habitat. Recovery was faster for seeds of the saline habitats, especially for those incubated at
higher salinities and in the dark. The difference in dormancy and germination attributes of
seeds of the two habitat types reflects ecological adaptations for survival in salt marshes of
arid deserts.

Introduction

Excessive increases of salts in soil severely reduce the most critical stages in the life cycle of
plants, especially germination and seedling growth and survival (Greenway and Munns,
1980). Seed tolerance to salinity is usually interpreted as the ability of seed to germinate at
high salinities, and to recover their germination after transfer from saline to non-saline solu-
tions (Ungar, 1995). Under salt stress, embryo growth is restricted due to osmotic stress, ionic
toxicity, oxidative stress and nutrient imbalance (Grattan and Grieve, 1998). Several studies
have indicated that the negative effect of salinity on seed germination is through a decrease
in soil water potential, so that seed imbibition is compromised, and/or by excessive entry of
Na+ which is toxic to metabolism (Kranner and Seal, 2013; Hameed et al., 2014). Uptake of
salts could lower the seed’s water potential, thus facilitating imbibition; however, ionic toxicity
may overshadow such beneficial osmotic effects (Gul et al., 2013).

Seeds of desert plants use environmental and hormonal signals as sensors for detecting the
proper environmental conditions that could trigger germination when the environments are
suitable for seedling growth and survival (El-Keblawy and Gairola, 2017). Temperature and
light are important environmental signals that can modulate time of seed germination
(Benech-Arnold et al., 2000). The response of seeds to light as an environmental signal,
may be a genetic characteristic or modulated by maternal habitats and is mediated by phyto-
chrome (Jones and Hall, 1979). In addition, light may interact with temperature and salinity to
determine the timing of germination in seeds of several halophytes (Qu et al., 2008; Gul et al.,
2013). Despite such extensive knowledge on germination requirements of seeds of true
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halophytes, few studies have assessed the salinity, temperature and
light requirements for seeds matured in saline and non-saline
habitats of habitat-indifferent halophytes.

Transgenerational induction has been defined as the change in
offspring phenotype that is cued by an environmental signal in
the parental generation, and is expressed independently of
changes in the offspring genotype (Holeski et al., 2012).
Transgenerational mechanisms may occur through maternal
and/or epigenetic effects. In maternal effects, progeny phenotypes
are altered as a function of the environment created by or experi-
enced by the maternal parent (Donohue, 2009). Maternal effect is
adaptive when it enhances offspring fitness in an environment
similar to that experienced by the parental generation (Rossiter,
1996, 1998; Donohue and Schmitt 1998). Several studies have
reported that seed dormancy and germination requirements of
the same species differ depending on maternal habitat and time
of seed development on the mother plant (Fenner, 1991; Wulff,
1995; Gutterman, 2000; El-Keblawy et al., 2017a,b). Adaptive
maternal effects are expected to be evolved as mechanisms to
ameliorate factors that reduce plant fitness under certain stress
factors (Galloway, 2005). For example, maternal effect has been
proposed to ameliorate drought stress in Impatiens capensis
(Maruyama et al., 2016) and Thymelaea hirsuta (El-Keblawy
et al., 1996), and salinity stress in Anabasis setifera (El-Keblawy
et al., 2016) and Suaeda aegyptiaca (El-Keblawy et al., 2017a).

Suaeda vermiculata is a habitat-indifferent halophyte of the
Arab Gulf deserts (i.e. it can grow very well in both saline and
non-saline habitats; Cushman, 2001). It produces very tiny
seeds (see Supplementary material 1) with no dispersal structures.
Species with limited seed dispersal experience generations of
selection by local environmental conditions (Galloway and
Etterson, 2009). The presence of multiple generations of
habitat-indifferent halophytes within a single environment
would increase the likelihood of germination differentiation
between saline and non-saline environments (Moriuchi et al.,
2016). The aim of this work was to assess salt tolerance of
Salsola drummondii in response to maternal habitat, and tem-
perature and light of incubation. The study also aimed to assess
the effect of maternal habitat and temperature of incubation on
the ability of S. vermiculata seeds to recover their germination
in distilled water after being exposed to saline solutions. We
hypothesized that exposure of multiple generations of the saline
habitat to salinity stress helps their seeds to tolerate higher salinity
stress during germination, compared with seeds from plants of
non-saline habitats that have not previously been exposed to
any salinity stress.

Materials and methods

Study species

Suaeda vermiculata is a leaf succulent perennial shrub growing in
both saline and non-saline habitats of the Arab Gulf deserts. The
average mass of seeds collected from the saline habitat was signifi-
cantly heavier (0.447 mg) than that of seeds from the non-saline
habitat (0.153 mg). However, there was no significant difference
in the viability between the seeds of the two habitats (97.6 and
96% for seeds of the non-saline and saline habitats, respectively;
see Table 1). The associated species with S. vermiculata give a pre-
liminary idea about the salinity levels of the two habitats. Both
habitat types have habitat-indifferent halophytes that can grow
well in both saline and non-saline habitats (e.g. Salsola

drummondii, Zygophyllum qatarense and Aeluropus lagopoides).
However, the saline habitat has true halophytes (e.g. Halopeplis
perfoliata and Halocnemum strobilaceum), but the non-saline
habitat has glycophytes (e.g. Launaea capitata, Pennisetum divi-
sum, Cornulaca monacantha and Indigofera oblongifolia; see
Supplementary material 1).

Study site and seed collection

Soil attributes

Soil of the saline habitat was sandy with high ratios of silt and clay
and sometimes hard gypsum, especially during the dry season (i.e.
summers and autumns). However, soil of the non-saline habitat
was sandy with a high proportion of small gravels. Both salinity
and electric conductivity (EC) were significantly greater in saline
(5.86 g l–1 and 18.49 mS cm–2, respectively) than in non-saline
habitat (0.36 g l–1 and 1.62 mS cm–2, respectively). However,
there was no significant difference in soil pH between the two
habitat types (Table 1).

Climate

The Northeast region of the United Arab Emirates (UAE) is hot
and dry with a sub-tropical arid climate. The climatic data of the
study area, based on 30-year records (1885–2015) of the nearest
meteorological station in Fujairah, indicates that the coolest
month is January (maximum and minimum temperatures are
24.0 and 16°C, respectively), while the hottest months are June
and July (maximum and minimum temperatures are 40.0 and
30°C, respectively). The average amount of annual rainfall is
about 110 mm with extreme variability in space and time, and
most of the rainfall occurs from November to March, when aver-
age temperatures are lowest (Merabtene et al., 2016). The aver-
age relative humidity ranges from 45% in May to 67% in
August. The daily mean temperature ranges between 12.1°C in
January and about 42°C in June–August, and can reach up to
48°C in summer. The average annual rainfall in the coastal
area is 120 mm (Böer, 1997).

Seed collection

Mature seeds of S. vermiculata were collected from two sites
around Kalba city, on the northeast coast of the UAE, during
January 2015 (two weeks after first effective rainfall. The first
site was a salt marsh (24°99′68.68′′ N and 56°34′91.90′′ E) and
the second was a non-saline gravel plain (25°02′94.17′′ N and
56°36′17.56′′ E). Seeds were randomly collected from the whole
population to represent its genetic diversity. Immediately after
collection, seeds were air dried and threshed to separate debris
by using a hand-made rubber thresher. Seeds were cleaned
and stored in brown paper bags at room temperature (22 ± 2°C)
until their use in the germination experiment in April 2016.
The seed mass was determined by weighing three batches,
each containing 100 seeds, from both saline and non-saline
habitats.

In both saline and non-saline habitats, five soil samples were
collected from around the roots of S. drummondii and used for
testing EC and pH. Soil samples were air dried and sieved before
use in the analyses. Soil salinity, EC and pH were measured from
a 1:5 soil:water suspension (Dahnke and Whitney, 1988).
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Effect of maternal habitat on germination response to salinity,
light and temperature

To assess the impact of maternal habitat on response of S. vermi-
culata seed germination to salinity, light and temperature of incu-
bation, seeds of both saline and non-saline habitats were
germinated at six salinity levels (0, 50, 100, 200, 400 and
500 mM NaCl) in three incubators adjusted to three temperatures
and two light regimes. The three temperature regimes consisted of
day/night cycles of 25/15, 30/20 and 35/25°C, where high tem-
perature coincided with 12 h of white light. The light regime
was 12 h light/12 h dark, or continuous dark, hereafter referred
to as light and dark. The provided light was cool white fluorescent
light with an intensity of 960 μmol m–2 s–1. The used salinity
levels were selected based on the results of a preliminary experi-
ment assessing salt tolerance in S. drummondii.

Seeds were germinated in 9-cm Petri dishes on a layer of
Whatman no.1 filter paper, moistened with 10 ml of the test solu-
tions. The dishes were wrapped with parafilm to minimize evapor-
ation. During the dark treatment, dishes were wrapped in
aluminum foil to prevent any exposure to light. For each treatment,
four replicates of 25 seeds each were used. Radicle emergence was
the germination criterion and the number of germinated seeds was
counted every other day for 20 days following seed soaking. Seeds
incubated in the dark were counted only after 20 days. The viability
of three batches of both saline and non-saline habitat seeds, each of
100 seeds, were tested for their viability using 1% (w/v)
2,3,5-triphenyl-tetrazolium chloride solution (Bradbeer, 1998).

Germination recovery

After 20 days following seed soaking, all seeds that failed to ger-
minate in different NaCl solutions under both the light and dark
treatments were transferred to distilled water. The seeds were
incubated again in light at the same temperature regimes as men-
tioned above. Germinated seeds were counted and removed daily
for 10 days. Seeds of both saline and non-saline habitats that
failed to recover were further tested for their viability using 1%
(w/v) 2,3,5-triphenyl-tetrazolium chloride solution (Bradbeer,
1998). Three seed batches from each habitat type, each with 50
seeds, were used in this test.

Data calculation and statistical analysis

The rate of germination was estimated by using a modified
Timson index of germination velocity ΣG/t, where G is percentage

of seed germination at 2-day intervals, and t is total germination.
The higher the value, the more rapid the germination.
Germination rate was only calculated for seeds incubated under
light conditions.

The germination recovery percentage was calculated by the fol-
lowing formula: Recovery percentage = [(a − b)/(c− b)] × 100,
where a is the total number of seeds germinated after being trans-
ferred to distilled water, b is the total number of seeds germinated
in saline solution, and c is the total number of seeds. The rate of
germination was also calculated using the modified Timson index
of germination velocity (as above) to estimate the speed of the
germination recovery.

Relative light germination (RLG) expresses the light require-
ment for seed germination and was calculated according to
Milberg et al. (2000) by dividing the germination percentage
recorded in the light by the sum of the germination percentages
observed in light and in darkness. The values vary from 0 (ger-
mination only in dark conditions) to 1 (germination only in
light).

Four-way ANOVAs were used to assess the significance of the
main factors (maternal habitat, salinity, temperature and light)
and their interactions on final germination, germination recovery,
total germination (germination in saline solution + recovery ger-
mination) and germination rate index (GRI) during the recovery
process. Three-way ANOVA was used to assess the impact of
maternal habitat, salinity and temperature and their interactions
on the GRI. Two-sample t-tests were used to assess the signifi-
cance of the difference in soil EC, pH, salinity, seed mass
and seed viability between saline and non-saline habitats.
Tukey’s test (honestly significant differences, HSD) was used to
estimate the least significant range between means. The GRI
was log-transformed and germination percentages were arcsine-
transformed to meet the assumptions of ANOVA. This trans-
formation improved the normality of the distribution of the
data. All statistical methods were performed using SYSTAT,
version 13.0.

Results

Germination in saline solutions

Effects on final germination
All the main factors (maternal habitat, salinity, temperature and
light) and their interactions had significant effects on final
germination of S. vermiculata seeds (P < 0.05, Table 2). The
significant interaction between maternal habitat and salinity

Table 1. Comparison between seed and habitat characteristics of Suaeda vermiculata seeds in saline and non-saline habitats. EC and pH were determined in a 1:5
water extract

Parameter Non-saline habitat Saline habitat Two-samples t-test P

Seed mass (mg) 0.153 0.447 5.167 <0.001

Seed viability (%) 97.6 96.0 0.79 0.493

pH 8.133 8.233 0.35 0.743

Salinity (g l–1) 0.361 5.86 19.492 <0.001

EC (mS cm–1) 1.620 18.490 9.224 <0.001

Associate species Salsola drummondii, Salsola imbricata,
Cornulaca sp., Aerva javanica, Indigofera
oblongifolia, Launea capitata

Salsola drummondii, Aeluropus lagopoides,
Halopeplis perfoliata, Halocnemum strobilaceum
and Zygophyllum qatarense
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(P < 0.001) indicates that the two habitats differ in their response
to the different levels of salinity. Whereas no significant difference
was detected between the seeds of the two habitats at the lower
salinities, seed from the non-saline habitat tolerated more salinity,
compared with those of saline habitat, at the higher salinities. For
example, 28.7 and 7.7% of the non-saline seeds germinated in 400
and 500 mM NaCl, respectively, but less than 1% of the saline
habitat seeds germinated in the same salinities (Fig. 1).

The interaction between maternal habitat and salinity and
temperature of incubation was significant (P < 0.001, Table 2),
indicating that salt tolerance of seeds of the two habitat types
depends on the temperature of incubation. Seeds from the non-
saline habitat germinated in all salinities (up to 500 mM NaCl)
at 15/25 and 20/30°C, but only in up to 300 mM NaCl at 25/
35°C. Seeds from the saline habitat, however, germinated only
up to 300 mM NaCl at 15/25 and 20/30°C, but only up to
200 mM NaCl at 25/35°C (Fig. 1). The results also indicate that
salt tolerance of seeds of the two habitat types responded differ-
ently to light; the interaction between maternal habitat and salin-
ity and light was significant (P < 0.001, Table 2). Seeds from the
non-saline habitat tolerated higher salinities (400 and 500 mM
NaCl) in light, but not in darkness; in these salinities final ger-
mination of the non-saline seeds was 50 and 12.1% in light, but
7.4 and 3.4% in dark. Seeds of saline habitats displayed almost
no germination in 400 and 500 mM NaCl (Fig. 1).

Germination of seeds of the non-saline habitat was neutrally
photoblastic (RLG = 0.5) in 0.0, 100 and 200 mM NaCl at all tem-
peratures, but was positively photoblastic in higher salinities. RLG
was 0.6, 0.9 and 0.8 in 300, 400 and 500 mM NaCl, respectively, at
15/25°C and 0.6 and 0.8 in 300 and 400 mM NaCl, respectively, at

20/30°C and 0.7 at 300 mM NaCl at 25/35°C (RLG was calculated
only when total germination of light and darkness was ≥10%).
For seeds from the saline habitat, however, it seemed that light
was not an important factor controlling seed germination; RLG
ranged between 0.5 and 0.6 with little variations among salinity
levels and temperature (Fig. 1)

Effects on germination rate

There were significant effects for maternal habitat, salinity and
temperature of incubation and all of their interactions (except
for the interaction between maternal habitat and temperature)
on GRI of S. vermiculata (P < 0.05). Seeds of the two habitats
attained a very fast germination at low salinities (0.0 and
100.0 mM NaCl); most seeds germinated within the first 2 days
(GRI > 45). There was an insignificant difference in GRI between
the seeds of the two habitats in the lower salinity levels (0, 100 and
200 mM NaCl) at the different temperatures. However, GRI of
non-saline habitat seeds was faster, compared with that of saline
habitat seeds, at higher salinities (≥300 mM NaCl, Fig. 2).

Germination recovery

All the main factors and many of their interactions had significant
effects on germination recovery of non-germinated seeds when
they were transferred from the different salt solutions to distilled
water (P < 0.05, Table 2). Interestingly, seeds that attained lower
germination in the saline solutions had a higher recovery, indicat-
ing that the seeds of the two habitats did not lose their viability in
the saline solutions.

Table 2. Results of four-way ANOVA showing the effects of maternal salinity, factors during incubation (salinity, temperature and light) and their interactions on final
germination (i.e. germination in saline solutions), germination recovery, total germination (i.e. germination in saline solutions plus germination recovery) and
germination rate index (GRI) during recovery of Suaeda vermiculata seeds

Final germination Total germination Recovery germination‡
GRI for germination

recovery‡

Source of variation d.f. Mean squares F-ratio Mean squares F-ratio d.f. Mean squares F-ratio Mean squares F-ratio

Maternal salinity (MS) 1 8.726 855.6*** 0.079 2.344 1 4.064 46.7*** 93.9 30.6***

Salinity (S) 5 13.252 1299*** 0.382 11.39** 4 9.405 108.1*** 210 68.5***

Temperature (T) 2 1.929 189.2*** 0.429 12.79** 2 0.270 3.10* 6.23 2.035

Light (L) 1 2.682 262.9*** 0.275 8.21** 1 3.682 42.3*** 14.2 4.7*

MS × S 5 0.752 73.7*** 0.358 10.68*** 4 0.322 3.70** 9.14 2.98*

MS × T 2 0.035 3.44* 0.009 0.275 2 0.110 1.267 1.622 0.530

MS × L 1 0.563 55.18*** 0.043 1.271 1 0.896 10.31** 0.34 0.110

S × T 10 0.215 21.04*** 0.110 3.28** 8 0.262 3.02*** 3.73 1.217

S × L 5 0.083 8.12*** 0.101 3.03* 4 0.690 7.93*** 2.38 0.779

T × L 2 0.184 18.0*** 0.112 3.34* 2 0.917 10.54*** 8.15 2.661

MS × S × T 10 0.241 23.6*** 0.074 2.21* 8 0.124 1.430 5.36 1.749

MS × S × L 5 0.170 16.7*** 0.065 1.944 4 0.283 3.25** 13.3 4.251

MS × T × L 2 0.277 27.2*** 0.071 2.131 2 0.191 2.194 0.48 0.158

S × T × L 10 0.059 5.8*** 0.030 0.885 8 0.194 2.24* 1.47 0.481

MS × S × T × L 10 0.042 4.12*** 0.090 2.70* 8 0.083 0.949 5.45 1.793

Error 216 0.010 0.033 180 0.087 3.06

*P < 0.05, **P < 0.01, ***P < 0.001. ‡Distilled water (0.0 NaCl) has been excluded from the analysis, as there was no recovery in this treatment.
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The interactions between maternal habitat, salinity and light
had significant effects on germination recovery (P < 0.05,
Table 2). Germination recovery in dark did not differ significantly
between seeds of the saline and non-saline habitats in all salinities
up to 400 mM NaCl. In light, however, recovery was significantly
greater in seeds from the saline habitat, compared with that of
non-saline habitat, in all salinities (Fig. 3).

The effect of the interaction between maternal habitat, tem-
perature and light of incubation on germination recovery was sig-
nificant (P < 0.05, Table 2). There was no significant difference in
germination recovery between seeds of saline and non-saline

habitats incubated in light at the different temperatures. For
seeds recovered from salinity and dark incubation, however,
seeds of the saline habitats recovered to significantly higher levels
at 15/25 and 20/30°C (58 and 62%, respectively) than seeds of
non-saline habitat (22 and 36%, respectively).

Total germination

The impact of maternal habitat on total germination (i.e. in saline
solution and after recovery) was insignificant (P < 0.05, Table 2),
indicating that the greater germination of seeds from the non-

Fig. 1. Effects of maternal salinity, and environmental factors during seed incubation (salinity, temperature and light) on final germination percentage (mean ± SE)
of Suaeda vermiculata seeds. Dark and light bars are for seeds of non-saline and saline habitats, respectively.
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saline habitat in the different salinities, compared with those from
the saline habitats, disappeared with the greater recovery observed
for seeds of saline habitat (data not shown).

Discussion

Among the important adaptive features that distinguish seeds of
halophytes from those of glycophytes is their ability to delay

their germination under salinity stress until alleviation of such
stress (Khan and Gul, 2006). An important consequence of the
germination recovery upon alleviation of salt stress is to deter-
mine the salinity level at the time of seedling development,
which is one of the most sensitive stages in the life cycle of halo-
phytes (Pujol et al., 2000). Therefore, the amount of precipitation
that is needed to dilute soil salinity would determine the timing of
seed germination of halophytes. Suaeda vermiculata seeds of the
saline habitat failed to germinate in 400 and 500 mM NaCl, indi-
cating that they postpone their germination until salinity is
diluted through rainfall. The very fast recovery of most of the
non-germinated seeds of the saline habitat when transferred
from the saline solutions to distilled water is an ecological adap-
tation for survival in saline soils. In S. vermiculata almost all the
non-germinated seeds recovered within 2 days after being trans-
ferred to distilled water.

Temperature is a crucial factor determining germination tim-
ing of non-dormant seeds in most species. Temperature can inter-
act with salinity to affect seed germination. Although higher

Fig. 2. Effects of maternal salinity, and salinity and temperature of incubation on ger-
mination rate index (mean ± SE) of Suaeda vermiculata seeds. Dark and light bars are
for seeds of non-saline and saline habitats, respectively.

Fig. 3. Effects of maternal salinity, salinity and light of incubation on germination
recovery (mean ± SE) of Suaeda vermiculata seeds. Dark and light bars are for
seeds of non-saline and saline habitats, respectively
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salinity may inhibit germination, the detrimental effect of salinity
is generally reduced at optimal germination temperatures (De
Villiers et al., 1994; Aiazzi et al., 2002). In our study, there was
no significant difference in final germination of S. vermiculata
between the different temperatures for both seeds from the saline
and non-saline habitats. In saline solution, however, germination
decreased with the increase in both temperature and salinity.
Salinity–temperature interaction may have significant ecological
implications in terms of timing of germination under field condi-
tions (El-Keblawy and Bhatt, 2015). The higher germination of S.
vermiculata in the higher salinities (400 and 500 mM NaCl) at
lower temperatures (15/25°C) indicates a higher probability of
seedling survival if germination occurred early in the growing sea-
son (e.g. December), when temperatures are low and chance of
rainfall is higher. The average minimum and maximum tempera-
tures in December are around 15 and 25°C, respectively (Böer,
1997). However, the chance of seedling establishment would be
much lower if germination occurred at higher temperatures by
the end of the growing season, when there is almost no rainfall
to dilute soil salinity. In addition, germination reduction at higher
temperatures has been attributed to increased evaporation of
moisture, which in turn increases salt concentration by capillary
movement (Khan and Ungar, 1997). It has been reported that
the changes in fluidity and permeability of cell membranes
occur at extreme temperatures (Raison, 1986). The high tempera-
tures can result in loss of the semi-permeability of the plasma
membrane, which leads to an increase in the amount of electro-
lyte leakage.

It has been reported that salt tolerance during the germin-
ation stage depends on the interaction between temperature
and light in some halophytes (De Villiers et al., 1994;
El-Keblawy and Al-Rawai, 2005; El-Keblawy et al., 2007). Our
results indicate that the salt tolerance of S. vermiculata depended
on light and temperature of incubation of seeds from both saline
and non-saline habitats. There was no significant difference
between germination in dark and light of seeds of both saline
and non-saline habitats in the lower salinities (0 and 100 mM
NaCl). At higher salinities, however, germination was signifi-
cantly reduced in dark than in light, especially at the higher tem-
peratures (Fig. 1). Similarly, in Limonium stocksii, little
difference between germination in light was observed at lower
salinities, but almost no germination occurred in darkness at
higher salinities (Zia and Khan, 2004). In addition, seeds of
Crithmum maritimum germinated well in light and dark in dis-
tilled water, but germination was almost inhibited in darkness in
saline solution (Atia et al., 2009).

The variation in the ability of plants of different populations to
adapt to local environmental stresses can be genetically
fixed within a population (Moriuchi et al., 2016), and may be trig-
gered by maternal environmental effects and offspring phenotypic
plasticity (Herman and Sultan, 2011). The local adaptation level
depends on a balance between local selective pressures and
regional dispersal processes. A negative association has been
expected between dispersal and local adaptation (Galloway and
Etterson, 2009). The presence of multiple generations of S. vermi-
culata that has limited seed dispersed, within a single environ-
ment, would increase the likelihood of population differentiation
between saline and non-saline environments (Moriuchi et al.,
2016). However, despite the fact that seeds from the saline habitat
matured under higher salinity stress, they tolerated less salinity
during the germination stage, compared with seeds matured in
the non-saline habitat (Fig. 1).

Conclusions

Suaeda vermiculata seeds of the saline habitat attained signifi-
cantly lower germination in higher salt solutions compared with
those of non-saline habitat. The high viability of the non-
germinated seeds of the saline habitat indicates that they postpone
their germination until the onset of the favourable conditions for
seedling establishment, which usually occurs after effective rain-
fall. Almost all the seeds that failed to germinate in saline solu-
tions germinated after transfer to distilled water. However, as
this species has limited seed dispersal, the ecological significance
for the greater germination of non-saline habitat seeds at the
higher salinity levels is not clear. More research to define the
maternal and epigenetic effects of transgenerational changes in
germination behaviour is needed.
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